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Abstract

Following an assessment of Antarctic krill (Euphausia superba) in the Scotia Sea, CCAMLR
established a precautionary catch limit of 4 million tonnes and further adopted 15 small-
scale management units (SSMUs). The intent was to subdivide the precautionary catch
limit for krill among the SSMUs so as to preclude the inadvertent concentration of catches
in a small portion of the surveyed area. Five options for allocating the catch limit among
the SSMUs in the Scotia Sea are presented in this paper. The first four are static allocations
where the allotment of catch to an SSMU is proportional to: (i) the historical catch within
the SSMU; (ii) estimated predator demand in the SSMU; (iii) estimated standing stock of
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krill in the SSMU; and (iv) standing stock less predator demand in the SSMU. The fifth
option is a dynamic allocation based on land-based predator monitoring conducted just
prior to, or early in, the fishing season. For the purposes of illustration and comparison
between the options, parameter estimates are made using available data, although it
is recognised that considerable refinement of these estimates is possible. Qualitative
conclusions are that: under the first two options a substantial portion (>65%) of the catch
limit would be allocated to three or less of the SSMUs adjacent to large concentrations of
land-breeding predators; under options (iii) and (iv) a similar portion of the catch limit
would be directed to pelagic SSMUs beyond the foraging range of these predators but
into areas where krill fishing has not regularly occurred; and under option (v), an example
of an adjustable catch limit dependent on the results of ecosystem monitoring, the fishery
would be restricted in some of its traditional fishing grounds during years of low krill
availability. Under all five options there would be little effect on the existing fishery.
However, as catches increase, a trade-off may be drawn between options that displace the
fishery from its current operating area, but reduce the potential for contravening the terms
of the Convention, and options that do not displace the fishery, but are likely to contravene
the terms of the CCAMLR Convention.

Résumé

Suite a une évaluation du krill antarctique (Euphausia superba) dans la mer du Scotia, la
CCAMLR a établi une limite de capture de précaution de 4 millions de tonnes et a ensuite
adopté 15 unités de gestion a petite échelle (SSMU). L'intention était de subdiviser la limite
de capture de précaution de krill entre les SSMU de maniére a empécher la concentration
involontaire des captures dans une partie restreinte de la zone d’étude. Ce document
présente cinq possibilités d’allocation de la limite de capture aux SSMU de la mer du
Scotia. Les quatre premieres sont des allocations statiques ou l'attribution de la capture
a une SSMU est proportionnelle a : (i) I’ancienne capture dans la SSMU; (ii) I'estimation
des besoins des prédateurs dans la SSMU; (iii) I’estimation du stock existant de krill dans
la SSMU; et (iv) la différence entre le stock existant et les besoins des prédateurs dans la
SSMU. La cinquiéme possibilité est une allocation dynamique fondée sur un contrdle
des prédateurs terrestres réalisé juste avant ou au tout début de la saison de péche.
Pour des besoins illustratifs et comparatifs entre les diverses possibilités, les estimations
paramétriques sont effectuées a partir des données disponibles, tout en reconnaissant que
ces estimations peuvent étre considérablement améliorées. Les conclusions qualitatives
sont que : dans les deux premiers cas, une portion importante (>65%) de la limite de
capture serait allouée a un maximum de trois SSMU adjacentes aux vastes concentrations
de prédateurs se reproduisant a terre; dans le cadre des possibilités (iii) et (iv) une portion
aussi importante de la limite de capture serait attribuée aux SSMU pélagiques situées au-
dela du secteur d’alimentation de ces prédateurs, mais dans des secteurs ot1 la péche au
krill n"a jamais été réguliére; concernant la derniere possibilité (v), exemple d’une limite
de capture ajustable, dépendante des résultats d'un contréle de I’écosystéme, la péche
serait restreinte dans certains de ses lieux de péche traditionnels les années pauvres en
krill. Aucune de ces solutions n’affecterait considérablement la péche actuelle. Toutefois,
au fur et & mesure que les captures augmenteront, il conviendra d’établir un compromis
entre celles qui éloignent la péche de son secteur d’opération actuel, mais qui réduisent la
possibilité d’infraction aux termes de la Convention, et celles qui, sans déplacer la péche,
sont susceptibles d’aller a I'encontre des termes de la Convention de la CCAMLR.

Pesrome

B pesynbrare orenku antapkrudeckoro kpmis (Euphausia superba) B mope Ckotust
AHTKOM ycraHOBUI NpeJOoXpaHUTENbHOE OTPaHUYECHUE HA BBUIOB HA YPOBHE 4 MIIH.
T ¥ 3aTeM OpuHAI 15 MenkomacmtabHbIX exauHul ynpasieHus (SSMU). Lemsto Op1u10
noJipa3/iefieHue MpelOXPaHUTEIHLHOIO OIpaHWYEeHHs] Ha BBUIOB Kpwis Mexay SSMU
C TeM, YTOOBI MPENOTBPATHTh CIYyYalHYIO KOHIICHTPAIMIO YJIOBOB B HEOONBIION
yacTu OOCIeOBaHHOTO paifoHa. B a3Toil crarbe paccMaTpuBalOTCs ISITh BapUAHTOB
pacnpeneneHust orpaHudeHus Ha BbUIOB Mexay SSMU wopsa Ckortus. Ilepsbie
YeThIPE MPENCTABIIOT CO00H CTaTHYECKOE paclpeiielieHHe, TIe ypOBEHb BBIJIOBA B
SSMU mnpomnopunonainen: (i) ucTopuueckoMy BbUIOBY B 3ToM SSMU; (ii) oneHOYHBIM
moTpeOHOCTIM XHUIMHUKOB B 3ToM SSMU; (iii) omeHowHO# OmoOMacce 3amaca Kpuilsd
B 3toM SSMU; u (iv) Omomacce 3amaca 3a BBIYCTOM IOTPECOHOCTCH XUIIHUKOB B
stoM SSMU. IIaTHI BapHaHT — 3TO ITWHAMHYECKOE pacIpelelieHHe, OCHOBaHHOE Ha
MOHHUTOPUHTC HA3C€MHBIX XWHIIHUKOB, MPOBCIACHHOM HCMIOCPCIACTBCHHO IICPEa WU B
Havaje IPOMBICIOBOTO Ce30HA. B mensx oObsSCHEHHS M CpaBHEHUS 3TUX BAPHAHTOB IO
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MMEIOIINMCS TaHHBIM OBUIM BBINOJHEHBI OLIEHKH IapamMeTpoB, XOTS HAl0 OTMETHUTH,
YTO BO3MOXKHO 3HAYMUTENIBHOE YIy4IIeHHEe 3THUX OIeHOK. Jlemarorcs ciemayromue
KaueCTBCHHbIC BBIBOJBI: IPHU IEPBBIX JIBYX BapHaHTaxX 3HAYMTENbHas 4acTh (>65%)
OTpPAaHUYEHHUS Ha BBUIOB OyleT MPUXOAUTHCS Ha Tpu Wi MeHee SSMU, npuMbIKaromux
K OOJBIINM CKOIUIEHUSIM Pa3MHOKAIONIMXCS Ha CyIIe XWITHUKOB, B COOTBETCTBHH C
BapuanTamu (iii) 1 (iV) aHAJTOTWYHAS OJIS OTPAHUYCHHUS HA BBUIOB OyIeT MPUXOIUTHCS
Ha memarudueckue SSMU 3a mpenmenamu apeana KOpMOTOOBIBaHHS 3THUX XHUITHUKOB,
HO B paliOHAax, A€ MPOMBICEN KPWJIS HE BENETCS PErysipHO; U B COOTBETCTBUHU C
BapuaHTOM (V) (TIpUMep peryJaupyeMoro OrpaHHuYEHHs Ha BBIJIOB, 3aBUCSINETO OT
PE3yNBTaTOB 3KOCUCTEMHOTO MOHUTOPHHTA) IPOMBICEN OyJeT OTpaHUYeH Ha HEKOTOPBIX
TPaIUIIOHHBIX MPOMBICTIOBBIX YYacTKaxX B TOJBI HU3KOTO Hamuyus Kpmis. JIro0oi u3
9THX TMATH BAPHAHTOB MAaJl0 CKAXKETCSl Ha CYyIIECTByIOIIEeM mpomeicie. OnHaKo mpu
YBEJINYCHUH YIOBOB MOXET MOTPEOOBATHCSI KOMIPOMHUCC MKy BapHaHTaMH, KOTOPHIE
BBITECHSIOT TIPOMBICEN U3 CYIIECTBYIOIIMX PaiOHOB €ro BEIEHHS, HO COKPAIaroT
BO3MO)KHOCTbH HapyIIeHHs yciaoBuil KoHBeHINH, 1 BapuaHTaMHU, KOTOPBIE HE BBITECHSIOT
MIPOMEICENT, HO MOTYT IIPUBECTH K HapymeHuto ycioBui Konsenmmu AHTKOM.

Resumen

Tras una evaluaciéon del kril antartico (Euphausia superba) en el mar de Escocia, la
CCRVMA estableci6 un limite de captura precautorio de 4 millones de toneladas y adopté
15 unidades de ordenacién en pequefia escala (UOPE). La subdivisién del limite de captura
precautorio de kril entre las UOPE se hizo con el objeto de evitar que la explotacién se
concentrara inadvertidamente en una pequefia seccién del area prospectada. Este trabajo
presenta cinco opciones para distribuir el limite de captura entre las UOPE del mar
de Escocia. Las primeras cuatro opciones representan una asignacién estitica de una
cuota de captura que es proporcional a: (i) la captura histérica dentro de la UOPE; (ii) la
estimacion de la demanda de los depredadores en la UOPE; (iii) una estimacién de la
biomasa instantdnea de kril en la UOPE: (iv) la biomasa instantanea menos la demanda
de los depredadores en la UOPE. La quinta opcién representa una asignacién dinamica
basada en el seguimiento de los depredadores con colonias en tierra. Dicho seguimiento
fue efectuado justo antes de la temporada de pesca, o bien a principios de la misma. Se
han efectuado estimaciones de los pardmetros con los datos disponibles a titulo ilustrativo
y comparativo entre las opciones, si bien se reconoce que estos parametros pueden ser
refinados considerablemente. Los resultados de un analisis cualitativo indican que bajo
las primeras dos opciones una parte substancial del limite de captura (>65%) puede ser
asignado a tres, o menos, de las UOPE adyacentes a las mayores concentraciones de
depredadores terrestres; bajo las opciones (iii) y (iv) una porciéon similar del limite de
captura se dirigiria a las UOPE pelagicas situadas fuera del radio de alimentacién de
estos depredadores pero en areas donde la pesca de kril no ha ocurrido con frecuencia; y
de acuerdo con la opcién (v), que es un ejemplo de un limite de captura ajustable segtin
los resultados del seguimiento del ecosistema, la pesqueria estaria restringida en algunos
de sus caladeros de pesca tradicionales durante los afios de baja disponibilidad de kril.
Ninguna de las cinco opciones afectaria mayormente a la pesca de kril existente. No
obstante, a medida que aumenten las capturas, se podria alcanzar un equilibrio entre las
opciones que desplazan la pesqueria de la zona donde opera actualmente, pero reducen la
posibilidad de contravenir el mandato de la Convencion, y las opciones que no desplazan
la pesqueria pero tienen una mayor probabilidad de contravenir dicho mandato.

Keywords: Antarctic krill, management, small-scale management units,
precautionary catch limit, CCAMLR

Introduction subdivided the catch limit among Subareas 48.1
(1.008 million tonnes), 48.2 (1.104 million tonnes),
48.3 (1.056 million tonnes) and 48.4 (0.832 million

tonnes) in order to distribute fishing effort and

Following a multi-nation, multi-ship survey
across the Scotia Sea in January—February 2000,
the biomass of Antarctic krill (Euphausia superba)

was estimated to be 44.3 million tonnes and a new
precautionary catch limit of 4.0 million tonnes
was adopted by CCAMLR for FAO Statistical
Area 48 (CCAMLR, 2000) (for a description of
the CCAMLR-2000 Survey see SC-CAMLR, 2000
and Hewitt et al., 2002). The Commission further

thereby reduce the potential impact of fishing on
land-based predators. However, the Commission
remained concerned that localised depletion of
the krill resource could occur if all the catch was
taken within a small proportion of a subarea and
required that the total catch in Area 48 should not
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Table 1:

Designation, area (A), krill biomass density (p), and aggregate catch

(C) (1988-2002) for each of the SSMUs adopted by CCAMLR in 2002.
Estimates of krill biomass density (p) are from the results of the
CCAMLR-2000 Survey as described in the text. Catch data are
aggregated from submissions to the CCAMLR Secretariat and used
here with the permission of the original submitters of the data.

SSMU A, P, C,

(x10°km”)  (gm”)  (tonnes)
Antarctic Peninsula Pelagic Area (APPA) 483.4 11.2 25376
Antarctic Peninsula West (APW) 36.7 37.7 7 400
Drake Passage West (APDPW) 15.8 37.7 227 741
Drake Passage East (APDPE) l6.4 37.7 103 169
Bransfield Strait West (APBSW) 22.0 37.7 11463
Bransfield Strait East (APBSE) 28.7 37.7 5952
Elephant Island (APEI) 36.2 37.7 94 930
Antarctic Peninsula East (APE) 61.6 37.7 25
South Orkney Pelagic Area (SOPA) 808.8 24.5 6248
South Orkney West (SOW) 16.1 150.4 217 374
South Orkney North East (SONE) 10.8 150.4 15 856
South Orkney South East (SOSE) 155 150.4 19531
South Georgia Pelagic Area (SGPA) 927.4 24.5 7 822
South Georgia West (SGW) 428 39.3 31436
South Georgia East (SGE) 55.2 39.3 208 870

exceed 620 000 tonnes until the precautionary catch
limit had been subdivided into small-scale man-
agement units (SSMUs). The Commission further
directed the Scientific Committee to provide advice
on the establishment of SSMUs for the krill fishery
and on the spatial and temporal detail of informa-
tion required from the krill fishery.

The Working Group on Ecosystem Monitor-
ing and Management (WG-EMM) considered
proposals for establishing SSMUs and elected to
define ‘predator units” based on considerations of
land-based predator foraging ranges, krill distri-
bution and the behaviour of krill fishing vessels
(Constable and Nicol, 2002). This approach was
endorsed by the Scientific Committee and the
Commission (SC-CAMLR, 2001; CCAMLR, 2001),
and a workshop was convened under the aus-
pices of WG-EMM to define SSMUs in Area 48. The
recommendations of the workshop were endorsed
by the Scientific Committee (SC-CAMLR, 2002)
and adopted by the Commission, which then
directed the Scientific Committee to provide advice
on how the precautionary catch limit for krill in
Area 48 could be subdivided among the SSMUs
(CCAMLR, 2002). The Commission also adopted a
requirement that krill catches be reported at a scale
of 10 by 10 n mile squares by 10-day periods at the
end of the fishing season. In making this recom-
mendation, the Scientific Committee noted that
this requirement should be considered an interim
measure and that haul-by-haul data by 10-day
periods should be required when the precaution-
ary catch limit is subdivided among SSMUs.
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In this paper, five options are considered for
subdividing the precautionary catch limit for
krill in Area 48 among the SSMUs adopted by the
Commission. The aim here is to stimulate discus-
sion on general approaches rather than advocate
specific proposals.

Four of the options may be considered static
allocations: the first is proportional to the histori-
cal catch in each SSMU; the second is proportional
to estimated predator demand in each SSMU; the
third is proportional to the estimated standing
stock of krill in each SSMU; and the fourth is propor-
tional to the standing stock less predator demand
in each SSMU. The fifth option is a dynamic
allocation based on land-based predator monitor-
ing conducted just prior to or early in the fishing
season. The SSMUs adopted for Subareas 48.1,
48.2 and 48.3 are described in Figure 1 and Table 1.
Because SSMUs were not defined for Subarea 48.4,
the portion of the precautionary catch limit for krill
allocated to this subarea is not considered here.

Options

Each option takes the general form Y; = Ya,
where Y; is the precautionary catch limit in the ith
SSMU; g; is the fraction of the total precautionary
catch limit (Y) that can be taken in the ith SSMU;
and Xg; = 1. A large number of possible options
could be described (see for example Watters and
Hewitt, 1992), where a trade-off was made between
options that were biologically explicit but required
delayed implementation and those options that
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were biologically unrealistic but could be imple-
mented immediately). However, this study focused
on five alternatives: four static options, and one
dynamic option that could be implemented imme-
diately with the limited information to hand, and
improved as new information became available.

Given the limited knowledge of the system,
several fundamental assumptions were necessary:
(i) harvesting methods will remain the same as
those currently employed; (ii) mitigation measures
to reduce fishery by-catch are adequate; (iii) the
current seasonal and geographic pattern of catches
remains the same; (iv) transport of krill between
SSMUs remains constant; and (v) climate-induced
changes to the ecosystem are negligible.

The first option is that the catch limit in an
SSMU be proportional to the total catches in that
SSMU. This option is based on the premise that the
distribution of fishing effort is affected only by the
availability of krill and that where krill catches are
highest, so is krill availability. This premise may
not be entirely true if the fishery operates in areas
with predictable aggregations rather than highest
availability; or if fishing areas are limited by the
knowledge of fishing masters, or by logistic or
operational constraints. Furthermore, as the fishery
develops, the total catches and their geographic
distribution may change. As a first approximation,
however, the distribution of catches among the
SSMUs was taken as an indication of the distri-
bution of krill. Thus, a; = C; /ZC;, where C; is the
total krill catch in the ith SSMU.

The second option is that the catch limit in an
SSMU be proportional to the combined annual
predator demand. It is based on the premise that
the ecosystem is reasonably efficient and that high
demand implies a high standing stock of krill, a
high turnover rate, or both. This premise may not
be entirely true if predators change their diets from
krill to another prey. In this regard, preferences
and prey switching are poorly understood for
several presumed krill predator species. Further-
more, information is incomplete with regard to
population estimates for major land-based krill
predators, the distribution of pelagic krill predators,
seasonal variations in foraging behaviour and diets,
and energetic budgets. As a first approximation,
considerations of predator demand were limited to
Adélie, chinstrap, gentoo and macaroni penguins,
lactating female Antarctic fur seals, baleen whales
and fish; major consumer groups not included
were male fur seals, flying seabirds, crabeater seals
and squid. Thus, a; = ¥d;/X¥d;;, where Xd; is the
demand in the ith SSMU summed over j predator
species.
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The third option is that the catch limit in an
SSMU be proportional to the standing stock of krill.
It is based on the premise that, in all areas where
krill occurs, emigration balances immigration and
that high biomass densities imply high availability.
This premise may not be entirely true if the surveys
used to estimate the standing stock of krill do not
represent its distribution throughout the year, or
between years. Furthermore, estimates of stand-
ing stock do not include information regarding
the aggregation of krill on a scale important to
fishing operations or availability to krill predators.
As a first approximation, however, data generated
from the CCAMLR-2000 Survey were used to indi-
cate the distribution of krill among SSMUs. Thus,
a; = p;A;/Zp;A;, where p; and A; are the density and
area of the ith SSMU.

The fourth option is that the catch limit in an
SSMU be proportional to the standing stock of krill
less the annual predator demand. It is based on the
premise that the amount of krill allocated to the
fishery should be determined after accounting for
predator demand; if the estimate of standing stock
less predator demand for an SSMU is less than zero,
then no catch limit would be allowed. Reservations
similar to those expressed for the second and
third options hold here. In addition, this option
is based on the assumption that krill turnover is
constant between SSMUs, and that the standing
stock relative to predator demand is indicative of
krill that may be available to the fishery in a given
SSMU. Nevertheless, these estimates were used to
generate a first approximation of how the catch
may be distributed among SSMUs after considering
both the standing stock of krill and predator
demand. Thus, a; = (p;A; — £d;) /(£2d;; — £p;iA;) and
a;=0if p;A; - 2d; < 0.

The fifth option is that the catch limit in an
SSMU be an adjustable proportion dependent on
the value of an ecosystem monitoring index or
some combination of indices. It is based on the
premise that krill availability in an SSMU may
change from year to year and that an index may
have some predictive value in estimating krill
availability. This may be particularly pertinent to
the SSMUs near South Georgia, where predator
reproductive success has a large dynamic range
associated with large changes in krill availability
(Croxall et al., 1999; Boyd and Murray, 2001).
While it may be preferable to index krill biomass
and/or hydrographic processes known to affect
the transport and retention of krill in an SSMU, no
standard methods for doing so have been defined
or implemented. Alternatively, a; may be defined



as a function of a predator index reflecting early
season availability of krill (e.g. arrival weights, egg
mass, natality rate, foraging trip duration).

Data sources and parameter estimates

AsnoSSMUs for Subarea48.4 havebeen adopted
by the Commission to date, this study is confined
to Subareas 48.1, 48.2 and 48.3. Accordingly, the
precautionary yield for Area 48 has been reduced
by the amount that the Commission allocated to
Subarea 48.4. Thus Y = (4.00 — 0.83) = 3.17 million
tonnes.

The distribution of krill catches among SSMUs
was determined from data submitted to the
CCAMLR Secretariat and aggregated over 10 by
10 n mile squares and one-month periods, repre-
senting over 95% of the krill harvested between
1993 and 2002. This period was chosen because total
catch and behaviour of the fishing fleet have been
relatively stable since 1992 when the catch dropped
dramatically from ca. 500 000 tonnes per year to
ca. 100 000 tonnes per year. These data are listed in
Table 1.

Estimates of land-based predator demand were
limited tothatof Adélie, chinstrap, gentooand maca-
roni penguins and lactating female Antarctic fur
seals; consumption by male fur seals and flying sea-
birds was not included. Estimates of consumption
by penguins and fur seals in the South Shetland
Islands were taken from Croll and Tershy (1998).
For penguins, consumption was divided among
the six non-pelagic SSMUs in the South Shetland
Islands in proportion to their area. For lactating fur
seals, 91% of the consumption was apportioned to
the Drake Passage West (APDPW) SSMU, 2% to
the Drake Passage East (APDPE) SSMU and 7% to
the Elephant Island (APEI) SSMU according to the
distribution of fur seals among breeding colonies
reported by Goebel et al. (2003). Consumption
estimates for penguins at the South Orkney Islands
were determined from abundances of breeding
pairs reported by Woehler (1993) and consump-
tion algorithms described by Croll and Tershy
(1998). Penguin consumption in Subarea 48.2 was
apportioned as follows: 5% to the South Orkney
West (SOW) SSMU, 6% to the South Orkney North
East (SONE) SSMU and 89% to the South Orkney
South East (SOSE) SSMU following the distribu-
tion of colonies reported by Woehler (1993). There
are no known breeding colonies of fur seals in the
South Orkney Islands. Macaroni penguin consump-
tion estimates for South Georgia were taken from
Boyd (2002), and of these, 96% was apportioned
to the South Georgia West (SGW) SSMU and 4%
to the South Georgia East (SGE) SSMU following
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the distribution of colonies reported by Trathan
et al. (1998). Fur seal consumption for South
Georgia was taken from Boyd (2002a); 99% was
apportioned to the SGW SSMU and 1% to the SGE
SSMU following the distribution of breeding sites
reported by Boyd (1993).

Estimates of consumption by pelagic predators
were limited to those of baleen whales and fish;
consumption by crabeater seals and squid was not
included. Estimates of baleen whale consumption
were taken from Reilly et al. (in press) who reported
the results of a marine mammal survey conducted
across the Scotia Sea as part of the CCAMLR-2000
Survey. Of the estimated consumption in the
Antarctic Peninsula stratum, 50% was apportioned
to the Antarctic Peninsula Pelagic Area (APPA)
SSMU and 50% was divided among the seven non-
pelagic SSMUs bounding the Antarctic Peninsula
in proportion to their area. Of the estimated con-
sumption in the Scotia Sea stratum, 25% was
apportioned to the South Orkney Pelagic Area
(SOPA) SSMU and 25% to the South Georgia
Pelagic Area (SGPA) SSMU. The remaining 50%
was divided among the five non-pelagic South
Orkney and South Georgia SSMUs in proportion
to their area. Estimates of fish consumption were
taken from Kock (1985) using the highest numbers
in his Table 6 for South Georgia, South Orkney
Islands and Elephant Island-South Shetland
Islands combined. Fish consumption was divided
among the non-pelagic SSMUs in proportion to
their area. Consumption estimates are summarised
in Table 2.

Estimates of the standing stock of krill were
taken from the results of the CCAMLR-2000 Survey.
Krill biomass densities for the non-pelagic SSMUs
near South Georgia, the South Orkney Islands and
the South Shetland Islands were set as being equal
to the densities estimated for the three CCAMLR-
2000 Survey strata corresponding to these areas.
Krill biomass density for the APPA SSMU was
set as being equal to the estimated density for the
Antarctic Peninsula stratum, and krill biomass
densities for the SOPA SSMU and SGPA SSMU
were set as being equal to the estimated density
for the Scotia Sea stratum. Assumed krill biomass
densities for each SSMU are listed in Table 1.

Predator indices of early-season availability of
krill were derived from observations in the South
Georgia and the South Shetland areas, the only
places where concurrent estimates of krill biomass
and predator performance are available. For
South Georgia, the arrival weight of male maca-
roni penguins (CEMP index Al) and the average
duration of the first six foraging trips of lactating
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Table2:  Annual predator demand for krill estimated for major consumer groups in each SSMU in
Subareas 48.1, 48.2 and 48.3, expressed in thousands of tonnes.

SSMU Fur Seals  Penguins  Whales Fish Zd,
Antarctic Peninsula Pelagic Area (APPA) 0.0 0.0 549.5 0.0 549.5
Antarctic Peninsula West (APW) 0.0 193.9 92.8 116.3 402.9
Drake Passage West (APDPW) 3.3 83.5 39.9 50.1 176.7
Drake Passage East (APDPE) 0.1 86.6 41.5 52.0 180.1
Bransfield Strait West (APBSW) 0.0 116.2 55.6 69.7 2415
Bransfield Strait East (APBSE) 0.0 151.6 72.5 91.0 315.1
Elephant Island (APEI) 0.3 191.2 91.5 114.7 3977
Antarctic Peninsula East (APE) 0.0 0.0 155.7 195.2 350.9
South Orkney Pelagic Area (SOPA) 0.0 0.0 3154 0.0 3154
South Orkney West (SOW) 0.0 21.1 72.3 493.6 587.1
South Orkney North East (SONE) 0.0 28.2 48.5 331.1 407.9
South Orkney South East (SOSE) 0.0 239.8 69.6 475.2 784.7
South Georgia Pelagic Area (SGPA) 0.0 0.0 315.4 0.0 3154
South Georgia West (SGW) 696.0 7756.8 192.3 425.8 9070.9
South Georgia East (SGE) 7.0 3232 248.0 549.2 11274

Table 3:  Predator indices and acoustic estimates of krill biomass density sampled in
the vicinity of South Georgia and the South Shetland Islands. A1 is the weight
in grams; A2 is the log of the duration of the first incubation shift in hours; C1 is
-1 x the log of the average of the first six foraging trips in hours. Note that the
estimate of krill density for 1999/2000 in the South Shetland Islands was taken
from the time series of standard surveys conducted by the US AMLR Program
and differs from the CCAMLR-2000 Survey estimate for the South Shetland
Islands stratum obtained in January 2000 (25.7 g m™ versus 37.7 g m”). The
CEMP and krill survey data are listed here with permission from the data

collectors.
Year South Georgia South Shetland Islands
Krill Al C1 Krill A2 C1
(gm”) (gm”)
1987/88 no data no data no data 41.6 2.514 —4.441
1988/89 45.1 5357 no data 82.4 2.491 no data
1989/90 45.1 5344 -4.364 17.1 2.592 -4.526
1990/91 6.4 4939 -5.312 23.8 2.425 —4.745
1991/92 95.0 5465 -4.572 38.0 2.452 —4.559
1992/93 65.8 5278 -4.813 1.2 2.420 -4.674
1993/94 74 5285 -6.150 3.1 2.301 -4.636
1994/95 no data 5185 -4.631 7.5 2271 -4.499
1995/96 26.7 5314 -4.496 26.8 2.369 no data
1996/97 25.2 5210 -4.578 50.0 2428 no data
1997/98 214 5131 -5.047 60.2 2.548 -4.611
1998/99 12.0 5420 -4.747 14.8 2415 -4.716
1999 /2000 12.3 5090 -4.651 25.7 2.272 —4.422
2000/01 34.7 5263 —4.701 6.6 2.320 -4.176
2001/02 46.6 5240 -4.628 33 2451 -4.331
2002/03 no data no data no data 245 2.272 -5.136
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fur seals (CEMP index C1) were compared with
acoustic estimates of krill biomass density from
Brierley et al. (1999) and unpublished data held by
the British Antarctic Survey. For the South Shetland
Islands, data on arrival weight are not available.
Instead, the duration of the first incubation shift
for Adélie penguins at Admiralty Bay (CEMP
index A2) and CEMP index C1 at Seal Island and
Cape Shirreff were compared with acoustic esti-
mates of krill biomass density from Hewitt and
Demer (1994), Hewitt et al. (2003) and unpublished
data held by the US Southwest Fisheries Science
Center. These datasets are listed in Table 3.

Results

Estimates of 4; and Y; for each SSMU based
on each of the five options described above are
presented in Table 4. Sixty-six percent of the histori-
cal krill harvest was taken from three SSMUs
(APDPW, SOW and SGE). Accordingly, under
option (i) two-thirds of the precautionary catch
limit would be apportioned to these SSMUs. Sixty-
five percent of the estimated predator demand is
concentrated in the SGW and SGE SSMUs, and
under option (ii) an equal proportion of the catch
limit would be allocated to these SSMUs. Most of
the standing stock of krill was mapped in the three
pelagic SSMUs during the CCAMLR-2000 Survey
and under option (iii), 72% of the catch limit would
be apportioned to these SSMUs. Under option (iv)
an even greater proportion of the precautionary
catch limit (80%) would be apportioned to the three
pelagic SSMUs.

Development of option (v) requires examination
of the data listed in Table 3. The predator and krill
data for South Georgia describe response functions
(Figure 2) similar to those described for combined
indices of predator performance at South Georgia
(Boyd and Murray, 2001; Boyd, 2002b). In contrast,
the predator and krill data for the South Shetland
Islands are more scattered (Figure 3). This is not
surprising given that the ratio of predator demand
to standing stock of krill at South Georgia is several
times higher than that at the South Shetland Islands
(Everson and de la Mare, 1996; Trathan et al., 1995;
Boyd, 2002b) and that reproductive failures among
krill predator populations have been associated
with low levels of krill availability at South
Georgia (Brierley et al., 1999; Croxall et al., 1999;
Boyd and Murray, 2001). It is possible that stronger
relationships between predator performance and
krill density may be demonstrated as more of the
South Shetland Islands data are explored, but, from
the limited number of indices considered here, it
appears that land-based predators at South Georgia
are more sensitive to changes in krill availability

Allocating krill catch limit among SSMUs in the Scotia Sea

during the early summer than similar predators
in the South Shetland Islands. It is interesting to
note that the fur seal data (displaying no apparent
relationship to krill density) were collected from
colonies located in the APEI and APDPW SSMUs,
while the penguin data (displaying a weak rela-
tionship with krill density) were collected from
colonies located in the APBSE SSMU.

Given the apparent relationships in Figures 2
and 3, and considering option (v), the precaution-
ary catch limit in the two South Georgia SSMUs
and the two Bransfield Strait SSMUs could vary
from year to year depending on the value of a
predator index which would be measured near
the beginning of the CCAMLR fishing season
(1 December). The value of a; for these SSMUs could
follow the form of the example response functions
shown in Figures 2 and 3. Alternatively, the value
of a; could be determined by a threshold value of
the predator index. If that index falls below some
threshold, the SSMUs could be closed to fishing
(i.e. a; = 0), otherwise the full allocation could be
taken. For the purpose of illustration, option (v)
was developed using initial estimates of a; and
Y; based on standing stock less predator demand
(option (iv)). The subdivision of the precautionary
catch limit among the other SSMUs would remain
fixed. The catch limit in the SGW SSMU would be
zero because demand exceeds standing stock; only
the catch limits in the SGE, APBSE and APBSW
SSMUs would vary as indicated in Table 4.

Discussion

Improvements to the options presented here
are possible. The addition of estimates for squid
and crabeater seal demand for krill would be
likely to result in larger proportions of the catch
limit being allocated to the non-pelagic SSMUs
under option (ii), as well as options (iv) and (v).
Non-breeding fur seals and breeding male fur seals
were excluded because of the lack of information
regarding their feeding ecology (Croll and Tershy,
1998). Nevertheless, substantial numbers of sub-
adult male fur seals are found in the vicinity of all
the islands during the summer months and their
inclusion would substantially alter the estimates
of predator demand. Their inclusion would tend
to offset the effect of including squid and crabeater
seal consumption. The information used to estimate
krill consumption by fishes is dated and could be
improved by incorporating information from more
contemporary surveys. The use of a single estimate
of standing stock (i.e. the CCAMLR-2000 Survey)
assumes that the geographic distribution of krill
biomass during the survey was representative of
the distribution during any year.
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In addition, no consideration was given to
seasonal variations in predator demand. In this
regard, it is recognised that the traditional fishing
season at South Georgia is in winter, and that
a predator index from the end of the previous
breeding season may be more appropriate for
option (v). Nevertheless, CEMP indices Al and C1
were used as a demonstration of possible methods.
Similarly, predator demand and the standing stock
of krill were assumed to be evenly distributed
among SSMUs within a region. Adding temporal
and spatial detail would improve the subdivision
of catch among the SSMUs as well as guiding the
location of land-based monitoring sites and ship-
based krill surveys, which would be required
under option (v).

It is important to emphasise that significant
relationships may exist between predator response
and krill density in other SSMUs. This study
focused on four SSMUs (APBSE, APBSW, SGW and

SGE) because the data for these areas are available.
It may be argued that certain SSMUSs remain closed
to fishing until monitoring is established. Simi-
larly, it may be argued that allocating a substantial
portion of the precautionary catch limit to pelagic
SSMUs may be problematic because the harvest
would potentially impact on a part of the ecosys-
tem that CCAMLR does not monitor routinely (e.g.
pelagic krill predators such as baleen whales, crab-
eater seals and squid).

Other options and hybrid schemes are also pos-
sible. Another option for a static allocation could
be based on the difference between the area of an
SSMU and that portion of the SSMU where land-
based predators are likely to forage. Information
required to develop this option would build on
that used to define the SSMUs at the workshop
held during the 2002 meeting of WG-EMM
(SC-CAMLR, 2002). Under this option, more of
the catch limit would be allocated to SSMUs with
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larger differences. Another option for a dynamic
allocation could be based on a forecast of krill
biomass density in each SSMU from an appropriate
population model that integrates data from surveys
(e.g. biomass and demographic data) as well as
known relationships to the physical environment
(e.g. ice and advection). More of the catch limit
could be allocated to SSMUs with larger forecasted
biomasses. Implementation of this option could
include using the forecast to obtain an initial
allocation and utilising predator monitoring to
fine-tune allocations during the fishing season.

The options presented here are intended to
stimulate discussion, and should not be considered
definitive proposals. Additional data would cer-
tainly improve the calculations presented here.
However, it is assumed that more data would
not substantially change the following qualitative
conclusions:

(i)  Approximately 66% of the historical krill
catch has been taken in three SSMUs adja-
cent to Livingston Island (part of the South
Shetland archipelago), Coronation Island
(part of the South Orkney archipelago) and
the eastern end of South Georgia. Under
option (i) a correspondingly high proportion
of the catch limit would also be concentrated
in these areas.

(i) Approximately 67% of the total demand for
krill by land-based predators in the Scotia
Sea is in the vicinity of South Georgia.
Under option (ii) a correspondingly high
proportion of the catch limit would also be
concentrated in this area.

(iii) The subdivision of the catch limit among
SSMUs using option (iii) is more conserva-
tive with respect to land-based predators.
Under this option approximately 72% of the
catch limit would be allocated to the pelagic
SSMU s, but such an allocation would con-
centrate fishing in areas where monitoring
effort is limited.

(iv) The proportion of the catch allocated to
pelagic SSMUs would increase to approxi-
mately 80% using option (iv), and no catch
would be allowed in the SGW SSMU.
Despite an increased allocation to pelagic
SSMUs, variations in krill availability may
still result in intense competition between
natural predators and krill trawlers with
both options (iii) and (iv). This may be
illustrated by considering the range of esti-
mated krill biomass densities in the South
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Shetland Islands (Table 3). Assuming pre-
dator consumption is constant over time,
demand would exceed standing stock in
the non-pelagic SSMUs during at least one-
third of the years. This would not, however,
affect the allocation of catch to non-pelagic
SSMU s, as the allocation is static, based on
single estimates of predator demand and
standing stock.

(v)  One approach to addressing the latter prob-
lem is an adjustable catch limit. Option (v)
was developed as an example of such an
approach by making the allocation propor-
tional to indices of predator performance
that were measured early in the fishing
season. Because of the uncertainties linking
predator performance to krill availability, it
may be preferable to use an index of krill
abundance (from ship-based surveys) and/
or an index of krill transport into an SSMU.
However, procedures for doing so will need
to be defined, accepted and implemented. In
contrast, procedures for monitoring land-
based predators are in place, and data on
predator performance are currently being
collected.

The implications of the various options, with
respect to the operation of the fishery and the
terms of the Convention, may also be discussed in
general terms:

(1) Under option (i), there would be little impact
on the existing fishery or on an expansion
of the fishery in the future, as the fleets
would continue to use the traditional fishing
grounds. As noted above, three of the
SSMUs account for two-thirds of the current
catch and another three adjacent SSMUs
bring the proportion up to 90%. Under this
option, the future expansion of the fishery
would not change this concentration. Land-
based predator populations in these SSMUs
are also very large, and the consequences
of allowing substantial catches in the
vicinity of their breeding colonies could be
profound. Furthermore, the possibility of
detecting significant change in the predator
populations breeding in these SSMUs is
limited because CEMP monitoring sites
currently exist at only two of the SSMUs
(APDPW and SGW). Under this option the
potential to contravene the terms of the
Convention with respect to maintaining
ecosystem relationships is not quantifiable,
but likely.



(ii)

(iii)

(iv)

Under option (ii), there would be little
impact on the existing fishery, but as catches
increased, fishing fleets would be required
to shift their operation to areas that are
currently underutilised. Some of these areas
may be operationally less desirable for
fishing and/or may have the potential for
increased by-catch. Under this option the
future allowable catch would be relatively
evenly distributed among most of the non-
pelagic SSMUs. However, three SSMUs
(SOSE, SGW and SGE) would account for
substantially more, particularly the South
Georgia SSMUs. For example, the future
allowable catch from SGW would be 15 times
greater than the current total catch for all
of Area 48. At South Georgia the fishery
operates during the winter period when the
dominant land-based predators are assumed
to have left the area. However, in some years
the number of fur seals wintering close to
South Georgia can be substantial (British
Antarctic Survey, unpublished data). Under
this option the potential to contravene the
terms of the Convention is not quantifiable,
but likely.

Under option (iii), there would be little
impact on the existing fishery, but as catches
increased, a major shift in operations
would be required. This would involve
moving effort to areas that are currently
underutilised, predominately pelagic areas
that are known to be operationally less
desirable for fishing. This implies that if the
fishery were to expand substantially, more
sophisticated search methods would have
to be developed in order to locate fishable
aggregations in the open ocean. The pelagic
SSMUs were delineated so as to be beyond
the foraging range of the majority of the
land-based predators, whose reliance on
these areas is therefore likely to be small,
especially during the periods when they
are constrained to return to land in order to
provision their offspring. In contrast, little
is known about how pelagic predators use
the open ocean or about their reliance on the
pelagic SSMUs. However, such predators
are not constrained to forage from a central
place and it is plausible that the impact of
the fishery could be relatively minor. Under
this option the potential to contravene the
terms of the Convention is not quantifiable,
but probably small.

Under option (iv), there would be little
impact on the existing fishery, but as catches
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increased, a major shift in operations similar
to those described above for option (iii)
would be required. Furthermore, the SGW
SSMU would be closed to fishing because esti-
mated predator demand exceeds estimated
standing stock. Interference between the
fishery and krill predators may be expected
to be similar, or less, to that under option
(iif), and the potential to contravene the
terms of the Convention is not quantifiable,
but probably small.

(v) Under option (v), there would be little
impact on the existing fishery, but as catches
increased, a major shift in operations similar
to those described above for option (iii)
would be required. As with option (iv),
the SGW SSMU would be closed to fishing
because estimated predator demand exceeds
the estimated standing stock. In addition, the
fishery may have to shift its operations on
an annual basis in response to early-season
indices of krill availability. Estimation errors
in the functional response of a predator
to krill availability will be likely to have
minimal impact, as most of the increase
in krill catches would occur in the pelagic
SSMUs. In addition, adjustments could
be made to the allocation of catch among
SSMUs if monitoring reduced or enhanced
krill availability. Under this option, the
potential to contravene the terms of the
Convention is not quantifiable, but probably
the least of all the options considered here.

Regardless of how CCAMLR ultimately decides
to subdivide the precautionary catch limit of krill
in Area 48 among the SSMUs, more immediate
information from the fishing fleets will be required
in order to ensure that the catches are distributed
according to the design. The Scientific Committee
recognised this when it specified that the submis-
sion of haul-by-haul data by 10-day period should
be required when the precautionary catch limit is
subdivided among SSMUs (SC-CAMLR, 2002).
In addition, an enhanced ecosystem monitoring
program will be required so as to ensure that
changes in key elements of the ecosystem are
detected in a timely manner. Ideally, some form
of monitoring should be established in each of the
SSMUs. Only with an adequately designed and
implemented ecosystem monitoring system will
it be possible to separate the causes of ecosystem
change between the fishery and the environment
(SC-CAMLR, 2003).
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Conclusions

Five options for subdividing the precautionary
catch limit of krill in the Scotia Sea among SSMUs
are presented. Four of the options are fixed alloca-
tions; that is, the precautionary catch limit in a
given SSMU would not change from year to year,
unless new information pertaining to how the
initial allocation was made became available. The
other option is a dynamic allocation; that is, the
precautionary catch limit in a given SSMU would
be adjusted each year as a function of an index of
krill availability obtained just prior to, or early in,
the fishing season. Under all five options there
would be little effect on the existing fishery. How-
ever, as catches increase a trade-off may have
to be made between options that displace the
fishery from its current operating area, but reduce
the potential for contravening the terms of the
Convention, and options that do not displace the
fishery, but are likely to contravene the terms of the
Convention.
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chacune des SSMU adoptées par la CCAMLR en 2002. Les estimations de la densité de la biomasse de
krill (p) sont tirées des résultats de la campagne d’évaluation CCAMLR-2000 ainsi qu’il est mentionné
dans le texte. Les données de capture sont regroupées a partir des soumissions au secrétariat de la
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la strate des iles Shetland du Sud obtenue en janvier 2000 (25,7 g m™ contre 37,7 g m™2). Les données
du CEMP et les données des campagnes d’évaluation du krill sont données ici avec la permission des

Subdivision de la limite de capture de précaution de krill des sous-zones 48.1, 48.2 et 48.3 par SSMU
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Unités de gestion a petite échelle (SSMU) dans les sous-zones 48.1, 48.2 et 4.3. L'isobathe de 1 000 m
indique la bordure approximative du plateau continental entourant ’archipel de la mer du Scotia. Les
SSMU sont : (1) Zone pélagique de la péninsule antarctique (APPA); (2) Ouest de la péninsule antarcti-
que (APW); (3) Ouest du passage de Drake (APDPW); (4) Est du passage de Drake (APDPE); (5) Ouest
du détroit de Bransfield (APBSW); (6) Est du détroit de Bransfield (APBSE); (7) ile Eléphant (APEI);
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des Orcades du Sud (SOW); (11) Nord-est des Orcades du Sud (SONE); (12) Sud-est des Orcades du
Sud (SOSE); (13) Zone pélagique de la Géorgie du Sud (SGPA); (14) Ouest de la Géorgie du Sud (SGW);
(15) Est de la Géorgie du Sud (SGE). 1l est a noter que la SSRU APE s’étend en partie dans la sous-
zone 48.5.

Indices A1 et C1 du CEMP par rapport a la densité de la biomasse de krill en Géorgie du Sud.

Indices A2 et C1 du CEMP par rapport a la densité de la biomasse de krill aux iles Shetland du Sud.

Crrcok Ta0iuIL

Haspanue, mromans (A;), WIOTHOCTs GHoMaccsl kpuis (p;) u cymmapHsiii BeutoB (C;) (1988-2002)
no xkaxxaomy u3 SSMU, npunsateix AHTKOMowm B 2002 1. OnieHKH IIIOTHOCTH OMOMacchl Kpuist (p)
nonydeHbl 1o pesyasraraM cbeMkun AHTKOM-2000, xak omucaHo B TekcTe. J[aHHBIE MO yloBam
SIBJISTFOTCSI CBOZIKOM ITPEACTaBICHHBIX B CeKpeTapuar JaHHBIX; OHU UCTIONB3YIOTCA 3/1€Ch C Pa3peIICHUs
MPEJCTaBUBIINX 3TU JaHHBIC JIUII.

TonoBsIe MOTPEOHOCTH XUITHUKOB B KpHIIE (B THIC. T), OIICHEHHBIE TI0 OCHOBHBIM I'pYIIIaM HOTpeOuTenen
s kaxxoro SSMU B nozpaitonax 48.1, 48.2 u 48.3.

WHIEeKChl XMITHUKOB M aKyCTHYECKHE OLEHKU MJIOTHOCTH OMomacchl Kpuiist okoso HOxHoii I'eoprun
n Oxubix lletmannckux o-BoB. Al = Bec B 1; A2 = jorapumM HpPOIOIDKUTEILHOCTH IIEPBOM
MHKyOarmoHHo! cMeHsl B yacax; C1 =—1 x jorapudm cpegHero Ajist IepBbIX HIECTH II0X00B 3a MUILEH
B yacax. 3aMeThTe, 9TO OlleHKa INTOTHOCTH Kprurs 32 1999/2000 r. y FOsxnabix [lletnannckux o-BoB OblIa
MOJy4YeHa 10 BPEMEHHOMY psSAY JAHHBIX CTaHJAPTHBIX ChEMOK, IMpOBeAeHHbIX Hporpammon CIIA
AMLR, n ommgaercs ot onenku o ckemke AHTKOM-2000 miis paiiona FOxupix Illetmanackux o-
BOB, IIONyueHHol B siuBape 2000 I. (cooTBeTcTBeHHO 25.7 T M2 11 37.7 T M2). JlaHHBIE CHEMOK KPHJIS U
CEMP nipuBefeHs!I ¢ pa3penieHus J1Ll, COONPABIINX 3TH TaHHBIE.

[19Tb pasnMYHBIX BApHAHTOB IMOAPA3JENICHUS IIPEJOXPAHUTEIHFHOTO OTPAaHUYCHHUS HA BBUIOB KPHJIS B
noapaiionax 48.1, 48.2 n 48.3 mo SSMU.

CHHCcoK pHCYHKOB

MenkomacuitabHble enuHuLbl yrpasienus (SSMU) B noapaiionax 48.1, 48.2 u 4.3. Takxke nokazaHa
n3zobara 1000 M, ¢ TeM 4TOOBI 0003HAYUTH PUMEPHYIO TPAHUITY KOHTHHEHTAIBHOTO MIeTh(a BOKPYT
apxunenaroB Mopst Ckotust. SSMU: (1) menarndeckast 3oHa AHTapkTHuecKkoro rn-osa (APPA); (2) 3amaz
AmnTapkTrdeckoro n-osa (APW); (3) 3amanx nponusa [peiika (APDPW); (4) BocTok mponmBa Jlpeiika
(APDPE); (5) 3anan nponua bpancdunga (APBSW); (6) Boctok mponusa bpancunna (APBSE);
(7) o-B Dnedant (APEI); (8) BocTok AuTapkrudeckoro n-oa (APE); (9) nenaruueckas 30Ha FOxHBIX
Opkaetickux 0-BoB (SOPA); (10) 3amax FOxubeIx Opkaeiickux 0-BoB (SOW); (11) ceBepo-BocTOK
HOxupIx Opxkhelickux 0-BoB (SONE); (12) roro-Bocrok IOxHbIx Opkheiickux 0-BoB (SOSE);
(13) memarnueckas 3ona KOxHoi ['eoprim (SGPA); (14) 3aman FOxwnoit I'eoprun (SGW); (15) BocTox
FOxnoii 'eoprun (SGE). 3amersre, uro SSRU APE wactuuno 3axoaut B [loppaiion 48.5.

WNunexcet CEMP Al u C1 B cpaBHEHHH C TUIOTHOCTHIO OMoMacchl kpwitst y FOxHoit ['eoprum.

Wunexcet CEMP A2 u C1 B cpaBHeHHMHU C IUIOTHOCTBIO Ouomacchl kpuiisl y HOxubix Illetnannckux
0-BOB.
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masa de kril (p) provienen de los resultados de la prospeccion CCAMLR-2000, segtin se describe en el
texto. Los datos de captura presentados a la Secretaria de la CCRVMA fueron recopilados y utilizados
aqui con el permiso de los titulares originales de los mismos.

Estimacién de la demanda anual de kril por parte de los depredadores mas abundantes en cada UOPE
en las Subdreas 48.1, 48.2 y 48.3, expresada en miles de toneladas.
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extraidas en las cercanias de las islas Georgia del Sur y Shetland del Sur. Al = peso (en gramos);
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A2 = logaritmo de la duracién del primer turno de incubacién (en horas); C1 = -1 x logaritmo del
promedio de los primeros seis viajes de alimentacién (en horas). Nétese que la estimacién de la
densidad de kril en 1999/2000 en las islas Shetland del Sur fue obtenida de las series cronolégicas de
las prospecciones estandar realizadas como parte del programa AMLR de Estados Unidos y difiere de
la estimacion de la prospeccion CCAMLR-2000 realizada en el estrato de las islas Shetland del Sur en
enero de 2000 (25,7 g m™2 comparado con 37,7 g m™2). Los datos del CEMP y de la prospeccion de kril se
presentan con el permiso de quiénes los recopilaron.

Subdivisién del limite de captura precautorio para el kril en las Subéreas 48.1, 48.2 y 48.3, por UOPE,
utilizando cinco opciones diferentes.

Lista de las figuras

Unidades de ordenacién en pequeia escala (UOPE) en las Subéreas 48.1, 48.2 y 4.3. Se muestra también
la isébata de los 1 000 m para indicar la posicién aproximada del borde de la plataforma continental que
rodea los archipiélagos en el Mar de Escocia. Las UOPE son: (1) Area pelagica de la Peninsula Antértica
(APPA); (2) Sector oeste de la Peninsula Antartica (APW); (3) Sector oeste del Estrecho de Drake
(APDPW); (4) Sector este del Estrecho de Drake (APDPE); (5) Sector oeste del Estrecho de Bransfield
(APBSW); (6) Sector este del Estrecho de Bransfield (APBSE); (7) Isla Elefante (APEI); (8) Sector este
de la Peninsula Antértica (APE); (9) Area pelagica de las Orcadas del Sur (SOPA); (10) Sector oeste de
las Orcadas del Sur (SOW); (11) Sector noreste de las Orcadas del Sur (SONE); (12) Sector sureste de
las Orcadas del Sur (SOSE); (13) Area pelagica de Georgia del Sur (SGPA); (14) Sector oeste de Georgia
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Subérea 48.5.

Comparacién entre los indices A1y C1 del CEMP y la densidad de la biomasa de kril en las islas Georgia
del Sur.

Comparacién entre los indices A2 y C1 del CEMP y la densidad de la biomasa de kril en las islas Shetland
del Sur.
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